A defined medium (medium MB) for Moraxella bovis was formulated. Nineteen strains grew well on medium MB. One strain was auxotrophic for asparagine, and another was auxotrophic for methionine. Strains of M. equi and M. lacunata also grew on medium MB. All strains had an absolute requirement for thiamine and were stimulated by or actually required the other growth factors in the medium.
A defined medium (medium MB) for Moraxella bovis was formulated. Nineteen strains grew well on medium MB. One strain was auxotrophic for asparagine, and another was auxotrophic for methionine. Strains of M. equi and M. lacunata also grew on medium MB. All strains had an absolute requirement for thiamine and were stimulated by or actually required the other growth factors in the medium.
Moraxella bovis is recognized as the causative agent of bovine infectious keretoconjunctivitis (3, 5) . Strains of this organism show relatively strong genetic interaction via transformation with M. nonliquefaciens and M. lacunata strains (2) . These three species are considered to be members of the so-called "Moraxella lacunata group" (2) . Previous nutritional studies showed that strains of M. bovis could not grow in a basal mineral medium containing NH4Cl as the nitrogen source and supplemented with a single organic carbon source but that growth did take place in a medium containing heart infusion and yeast extract (1). Riley (7) reported recently that some strains of M. bovis could grow on a semisolid basal mineral medium containing glutamate and several vitamins. Not all strains grew on this medium, and those that did grow had colonies that were extremely small (7) .
Since further physiological and genetic studies of this group of organisms may make use of knowledge of their nutritional requirements, a study was undertaken to determine a defined medium for all strains of M. bovis.
By using a general procedure for determining nutritional requirements of bacteria (6), we ascertained the factors that were either absolutely required for or that stimulated the growth of a single strain of M. bovis. Figure 1 shows the growth of M. bovis (strain 1, Table 1 ) in a medium (medium MA) containing the following components dissolved in distilled water at a final volume of 1 liter and sterilized by membrane filtration: KH2PO4, 2 g; Na2HPO4, 5.6 g; NH4CI, 1 g; MgSO4 -7H20, 0.1 g; CaC12, 0.5 ml of a 1% solution; FeSO4 -7H20, 0.25 ml of a freshly prepared 0.1% solution; sodium lactate (60% reagent), 6.5 ml; monosodium Lglutamate, 5 g; L-leucine, 0.2 g; L-glycine, 0.2 g; Lisoleucine, 0.2 g; L-histidine, 0.2 g; L-lysine hydrochloride, 0.25 g; L-valine, 0.2 g; L-phenylalanine, 0.2 g; glutathione (reduced), 0.4 g; d-biotin, 20 ,ug; folic acid, 15 ,ug; calcium pantothenate, 0.5 mg; nicotinic acid, 1.0 mg; and thiamine hydrochloride, 20 ,ug. The pH of this medium was 7.0. For the preparation of semisolid medium, the above-described liquid medium was prepared double strength, equilibrated at 60°C, and mixed with an equal volume of sterile (autoclaved) 3% agar (equilibrated at 60°C), followed by the addition of 5 ml of sterile 2% ferric ammonium citrate per liter of semisolid medium.
Cells from overnight growth on a heart infusion (Difco Laboratories) plate grown at 34°C were suspended in 5 ml of a solution made up of the mineral salts listed above, con-* Corresponding author.
tained in a sterile, capped colorimeter tube, to give a Klett reading of approximately 300. A 0.5-ml portion of this suspension was inoculated into 10 ml of medium in a 500-ml Erlenmeyer flask with an attached side arm and aerated by shaking in a 34°C water bath. Growth was measured by observing the absorbance of the culture, poured into the side arm, in a Klett-Summerson colorimeter having a 660-nm (red) filter.
To determine the requirement for each component of the above-described medium, we measured growth in liquid cultures when single components were omitted from the medium. No growth was obtained in the absence of glutathione ( Fig. 1 thiamine resulted in less than optimal growth (Fig. 1) . Although folic acid was initially shown to be stimulatory during development of the medium, omission of this vitamin from the complete medium failed to affect the growth of M. bovis. The lag period was independent of the size of the inoculum.
The omission of leucine, glycine, isoleucine, or histidine from the complete medium resulted in an increased lag period, but the final growth yield in each case was the same as that obtained when all the amino acids were included (Fig.  2) . In the absence of lysine there was a small decrease in the growth rate as the stationary phase was reached (Fig. 2) . The omission of either phenylalanine or valine from the complete medium had no effect on growth, despite the fact that these amino acids were stimulatory at an early stage during the process of determining required and stimulatory growth factors for M. bovis.
Because the omission of folic acid, valine, or phenylalanine from the complete medium did not affect the growth of M. bovis, growth was tested when all of these growth factors were omitted simultaneously. The omission of folic acid, valine, and phenylalanine resulted in a growth curve that, except for a small initial lag, was virtually identical to the curve obtained when the medium included all of these growth factors (Fig. 3) .
As is the case for M. nonliquefaciens (6) , M. bovis can use glutamate as both a carbon source and a nitrogen source. Lactate can serve as a partial carbon source, and the omission of lactate resulted in a small decrease in the final growth yield (Fig. 2) . When glutamate was omitted there was a significant decrease in the final growth yield (Fig. 3) showed that one of them was an asparagine auxotroph and that the other was a methionine auxotroph, since good growth took place on medium MB containing the required growth factors. The asparagine auxotroph was transformed to grow in the absence of asparagine by using DNA derived from strain 1 ( Table 1 ). The methionine auxotroph reverted readily to growth in the absence of methionine. The growth characteristics of the asparagine-independent transformant (strain 15) and the methionine-independent revertant (strain 18) are shown in Table 1 .
The ability of 21 strains of M. bovis, 1 strain of M. equi (strain 22), and 1 strain of M. lacunata (strain 23) to grow on medium MB and medium MB lacking specific components is shown in Table 1 . All strains had an absolute requirement for thiamine. Most strains displayed either an absolute or a partial requirement for biotin, pantothenic acid, and nicotinic acid (Table 1) . One strain (strain 14) did not require biotin, and two strains (strains 3 and 4) did not require pantothenic acid (Table 1) . No strain was completely independent of the requirement for glutathione (Table 1) . Two strains (strains 1 and 13) grew extremely well when the amino acids leucine, glycine, isoleucine, histidine, and lysine were omitted simultaneously, but the other strains showed either an absolute or a partial requirement for one or more of these amino acids (Table 1) .
Although strains of M. nonliquefaciens are closely related genetically to strains of M. bovis (2) , strains of the former organism are unable to grow on medium MB, since they all have an absolute requirement for proline (6) (2) . Strains of M. lacunata resemble strains of M. bovis in that they occur normally in the conjuctivae but differ from M. bovis in that they have a different host specificity (2, 8) .
